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ABSTRACT: In the present study, Nanoemulsions of neem oil and pine oil using a binary surfactant system were prepared 
and tested their antibacterial properties. A polysorbate-type nonionic surfactant and alcohol ethoxylatesurfactant (Galaxy 
MW-259) were used in different proportions to obtain stable nanoemulsions at the lowest possible droplet size. The 
emulsification process variables such as ratio of alcohol ethoxylatesurfactant to polysorbate-type nonionic surfactant, 
surfactant concentration, ratio of Neem oil to pine oil, oil weight fraction and sonication time were studied. The optimal 
variables include the ratio of alcohol ethoxylatesurfactant to polysorbate-type non-ionic surfactant of 80:20, surfactant 
concentration of 4%, ratio of Neem oil to pine oil of 80:20, oil weight fraction of 20% and 20 min of sonication time at 40% 
of the applied power. Nano-emulsions were found to be very stable with emulsion droplet size around 25-30 nm. The 
traditional method and probe sonicator methods are used for the preparation of oil in water Nano-emulsion of Neem oil, 
pine oil, a non-ionic binary surfactant system is used as an emulsifier. This newly developed nanoemulsion provides better 


antimicrobial, anti-bacterial and anti-mosquito repellent properties into the treated fabrics. 
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1. INTRODUCTION 

Nano emulsions are one type of finishing chemical used 
in the textile industry to modify textile morphology, either 
physically or chemically [1, 2]. Nano emulsions are 
colloidal dispersions of two immiscible phases i.e. an oil 
phase and an aqueous phase where emulsion droplet size 
ranges from 15 to 200 nm [3]. Nano emulsions have 
ignorable turbidity, good physiochemical and rheological 
properties [4]. Stability of Nano emulsions is very good 
due to very small droplet size hence creaming, 
flocculation, sedimentation of the particles in the emulsion 
does not occur for a long periods of time [5]. Droplet size 
of the emulsion is governed by the nature of the 
surfactants, type of surfactant system (single or binary), 
different surfactant concentration etc. [6-8]. 

The methodology of emulsification is also one of the 
vital factors to procure the smallest droplet size of the 
emulsion. Many researchers have focused on identifying 
suitable methods for emulsification which are efficient, 
competitive and effective [3, 7]. Acoustic cavitation using 
ultrasound is one of the methods which could be 
employed for emulsification. Formation and subsequent 
collapse of micro bubbles by pressure fluctuation due to 
ultrasonic irradiation creates voids. The voids slowly 
increase in size and collapse to form a hot spot which 
generates localized turbulence which is responsible for 
the disruption of the dispersed phase into smaller 
droplets [9-14]. 

Herbal Neem (Azadirachtaindica) is recognized as a 
medicinal plant well known for its antibacterial and 
antifungal properties. At lower concentration (0.7-1 
mg/mL) of Neem oil is found to be nontoxic while at 
higher concentrations (1.2-2 mg/mL) it is showing little 
bit toxicity. Several studies have been carried out on the 
emulsification of oils to utilize the unique property of the 
Neem oil and pine oil [15-19]. Neem is grown widely for 
many useful purposes, particularly as a barrier along 
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margins of fields and in homesteads; it furnishes several 
worthy economic, health, and ecological benefits. The 
particular property that makes it interesting to use 
Azadirachtaindica oil is that it is rich in Azadirachtin, it’s 
biologically active compound, which is known to influence 
various microbes, insects and their abilities to fly, 
reproduce and hormonal activities. The most significant 
fact is that it is found out to be non-toxic substance not 
only to human beings, but to other mammals as well. On 
the other hand, pine oil is naturally occurring herbal plant 
oil, generally used for the protection from mosquito bites. 
It is also used in the rural areas of India as herbal 
medicine. Pine oil can be used as an antibacterial, 
antifungal finishing agent [20, 21]. 


2. MATERIALS AND METHODS 
2.1 Experimental 

Pine oil and Neem oil were purchased from Peral 
Chemicals, Mumbai, India. Acetic acid was purchased from 
SD Fine Chemicals Ltd. Mumbai. Monebat -20 and 
Monemul-80 was purchased from Mohini Chemical Itd, 
Mumbai. Galaxy MW-259 (R=C1i2-14) (alcohol ethoxylate) 
was purchased from Galaxy Surfactant Ltd, Mumbai. 
Water was purified using a Millipore lab scale distilled 
water plant for emulsion preparation and sample 
preparation for analysis 


2.2 Ultrasound-Assisted Emulsification 
Nanoemulsions of Neem oil and pine oil as an oil phase 
wereprepared using a binary emulsifier system, acetic 
acid, and distilled water. Blends of alcohol ethoxylate 
(MW259) and polysorbate-type nonionic surfactant were 
used at various ratios [Alcohol Ethoxylate:polysorbate 
(AE:P)—0:100, 10:90, 20:80, 30:70, 40:60, 50:50, 60:40, 
70:30, 80:20, 90:10, 100:0%]. Thick emulsions were 
prepared by mixing two different surfactants (at various 
concentrations: 0, 0.25, 0.5, 1, 2, 3, 4, 5, 6.5, 8, 10, 12.5, 
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15% of the total emulsion) with distilled water followed 
by the addition of mixtures of Neem and Pine oil (at 
different volume fractions: 0.04, 0.08, 0.12, 0.16, 0.2) into 
the surfactant mixtures with the help of homogeniser at 
room temperature for 4-5 mins after complete addition of 
oil phase, further subjected to high energy ultrasonic 
emulsification. All emulsions were pre- pared at room 
temperature for 20 min. The different emulsification 
parameters studied in the present work in order to obtain 
minimum particle size and stable emulsion for the longest 
period of time, include alcohol ethoxylate (MW259) and 
polysorbate ratios as mentioned above, surfactant 
concentrations, Neem oil and pine oil ratios [Ne:Pi— 
100:0, 80:20, 60:40, 40:60, 20:80, 0:100%], volume 
fraction of oil in the emulsion and sonication time (5, 10, 
15, 20 min). 
2.3 Conventional Emulsification Method 

Nanoemulsions were prepared using a_ high-speed 
homogenizer at 2500 rpm using a 0.2 oil volume fraction 
and optimized surfactants’ ratio and concentration at 
room temperature. Conventional emulsification was 
carried out for 40 and 50 min. 
2.4 Mean Droplet Diameter (MDD) and Zeta 
Potential 

A Zetasizer Nano ZS (Malvern Instruments, UK) was 
used to analyze the droplet size of emulsions prepared by 
the above methods. This instrument is equipped with 
dynamic light scattering (DLS) to determine size 
distribution on the basis of the Brownian motion of the 
particles and links this to the particle size. For particle size 
and zeta potential samples were prepared by diluting it 
with the water by 1:100 ratios to obtain free Brownian 
motion of the samples. Equilibration time for the analysis 
kept to 30 s at 25 ° C. Zeta potential of the emulsion 
droplets was determined by evaluating the electro- 
phoretic mobility of the particles expressed in mV [22]. 


2.5 Emulsion Stability 

Prepared emulsions were practiced for kinetic stability 
using a centrifuge, and samples were selected for storage 
stability test which had demonstrated no _ phase 
separations or creaming upon _ centrifugation. 
Centrifugation was carried out at 2000 rpm for 4 min to 
evaluate the kinetic stability. Stable samples were further 
kept for the storage stability test and periodically 
analysed for particles size and visually measurement of 
the layer of emulsion and separated material. Storage 
stability was conducted by storing samples at room 
temperature for 3 weeks. Phase separation of the Nano 
emulsion was determined as follows: 


£(%) = [Fe] #100. ennone (1 


Where the ‘f (%)’ refers to the fraction of emulsion 
phase and ‘he’ refers to the height of the emulsion and ‘hr’ 
refers to the total height of the whole emulsion system 
comprising the heights of the emulsion as well as the 
separated phase. 


3. RESULT AND DISCUSSION 
3.1 Surface Properties of Surfactant System 

The resistance of Neem:Pine oi] Nano-emulsion droplet 
to deformation is managed by the interfacial tension of the 
surfactant system. The surface properties like surface 
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tension, interfacial tension; contact angle etc. of the 
surfactant is improved by the blending of two or more 
surfactants. In this work, it was observed the critical 
micelle concentration, surface tension of the individual 
and mixed surfactants at various proportions in order to 
select surfactant judiciously for Nano-emulsion 
development. Also, we determined if the addition of 
polysorbate-type nonionic surfactant and _ alcohol 
ethoxylatesurfactant (Galaxy MW-259) altered the particle 
size of the emulsiondroplet stabilized by MW259 as a 
result of surfactant synergy. 

The relationship between surfactant Galaxy MW-259: 
polysorbate-type nonionic surfactant CMC was 
determined on the basis of surface tension. Figure: 1 
shows the CMC and surface tension at various surfactant 
blend ratios. Galaxy MW-259 shows maximum surface 
tension (27.8 mN/m) whereas polysorbate exhibits 
minimum surface tension (21.6 mN/m) because of the 
quick orientation at the interface and that they retain their 
aggregation properties at the surface results in enhancing 
surface tension reduction as well as CMC reduction [8]. 


3.2 Surfactant System Optimization 

Emulsions were prepared using Galaxy MW-259: 
polysorbate-type nonionic surfactant. Alkyl alcohol 
ethoxylates surfactants are generally used to stabilize 
emulsions by tailoring the hydrophilic and hydrophobic 
units. Galaxy MW-259 is a nonionic surfactant having a 
C12-C13 aliphatic chain with 9 ethylene oxide units at the 
terminal position. Emulsions were prepared using various 
surfactant ratios (0:100-100:0) of Galaxy MW-259: 
polysorbate-type nonionic surfactant to examine the effect 
of the surfactant blend ratio on emulsion droplet size at 
3% surfactant concentration and 20% oil weight fraction 
using ultrasound-assisted emulsification. 

As the contribution of Galaxy MW-259 in the blend 
increases, droplet size decreases slowly to a surfactant 
ratio of 80:20 (see Fig.2). The emulsion phase fraction (f) 
also increases with increasing Galaxy MW-259 up to a 
surfactant ratio of 80:20. Based on these results, the 
surfactant ratio (Galaxy MW-259: polysorbate-type 
nonionic surfactant) was optimized as 80:20 for further 
experimentation. 

Emulsions were prepared using various surfactant 
concentrations ranging from 0.25 to 15% of the total mass 
of emulsion to study the effect of surfactant concentration 
on the emulsion stability and properties. 

From Fig. 3, we can see that as the concentration of the 
surfactant was increased then the droplet size of 
Neemoil:Pine oil nano-emulsion was decreased from 280 
nm to lowest at 26 nm after that more addition of 
surfactant from 5 % to 12% it was showing negative effect 
on the mean droplet size. 

We have studied the droplet size of an emulsion and 
stability using various oil proportions (Neemoil:pine oil) 
from 100:0 to 0:100 in order to examine the effect of 
Neemoil:Pine oil on the emulsion droplet size and 
ultimately on the emulsion stability. In fig: 4 we can see 
that the droplet size of Neem oil emulsion is less i.e. 18.3 
nm compared to droplet size of Pine oil emulsion i.e. 177, 
nm. So the concentration of Pine oil in oil phase is directly 
proportional to the droplet size of an emulsion. At 
Neem:Pine oil ratio of 80:20 ,the droplet size was seen to 
be 26.9 nm, so this ratio has been considered for further 
experimentation. 
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Galaxy MW-259: polysorbate-type nonionic surfactant 
ratio 
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Figure 1The effect of Surfactant Ratios on Surface Tension and CMC 
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Galaxy MW-259: polysorbate-type nonionic surfactant ratio 
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Figure 2. The effect of surfactant ratios on emulsion droplet size and the fraction emulsion phase (f) of emulsion 
formulated via ultrasonic emulsification method. Composition: 20% oil weight fraction, 80:20 of Neem:Pine Oil 
ratio, 3% of surfactant concentration 
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Figure 3: The effect of surfactant concentration on emulsion droplet size of emulsion formulated via ultrasonic 
emulsification method. Composition: 20% oil weight fraction, 80:20 of Neem: Pine oil ratio, 80:20 of Galaxy MW- 
259: polysorbate-type nonionic surfactant ratio 
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OIL RATIO AND OIL WEIGHT FRACTION OPTIMIZATION 
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Figure 4: The effect of Neem and pine oil ratios on emulsion droplet size and fraction emulsion phase (f) of 
emulsion formulated via ultrasonic emulsification method. Composition: 20% oil weight fraction, 3% of 
surfactant concentration, 80:20 of Galaxy MW-259 polysorbate-type nonionic surfactant ratio prepared at 40% of 
applied power and 20 min sonication time 
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Figure 5: The effect of the % oil weight fraction on emulsion droplet size of emulsions formulated via ultrasonic 
emulsification method. Composition: 3% of surfactant concentration, 80:20 of Galaxy MW-259: polysorbate-type 
nonionic ratio, 80:20 of Neemoil:pine oil ratio prepared at 40% of applied power and 20 min sonication time 
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Figure 6: The effect of sonication time on emulsion droplet size of emulsion formulated via ultrasonic 
emulsification method. Composition: 3% of concentration, 80:20 of Galaxy MW-259: polysorbate-type nonionic 
ratio surfactant ratio,80:20 of Neemoil:pine oil ratio and 20% of oil weight fraction prepared at 40% of applied 
power 
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In Fig 5, an oil weight fraction of 3% resulted in the 
smallest droplet size of around 26.9 nm. As the oil weight 
fraction increases from 3 % to 21 % then the droplet size 
also increases due to the higher ratio of oil to surfactant 
mass in the emulsion system. 

From Fig 6, it can be seen that as sonication time 
increases from 5 mins to 20 mis then the droplet size of 
emulsion decreases from 200 nm to 26 nm, after that the 
increases in sonication time from 20 mins to 30 mins 
results in only an uncomparable decrease in droplet size 
of emulsion; hence 20 min sonication time was optimized 
from the experiments. 


4. RESULTS AND DISCUSSION 

For the purpose of preparing the nanoemulsion, two 
methods were selected namely, High Speed homogenisor 
assisted method, which is the traditional method and is a 
completely physical mixing and the final product formed 
solely depends on the RPM at which the setup is run. And 
the other method, more modern method is the Ultrasound 
assisted emulsification, acoustic cavitation has been 
employed to achieve the smallest possible droplet size at 
the shortest time span. The point to remember here is that 
Neem oil and Pine oil have different densities, and also are 
not miscible. Also notable is the fact is that the oil and 
aqueous phase are also not miscible. In order to make a 
homogeneous system from these three phases, an energy 
intensive technique is required to obtain the desired 
droplet size. When sonication is employed, the rate of 
energy dissipation in the system increases which results 
in increased temperature. Ultrasonication is also 
responsible for the production of shear forces which 
causes breakdown of large droplets into smaller droplets 
and newly generated droplets are stabilized by surfactant. 

The purpose of using a binary system is to incorporate 
the properties of both the oils into the emulsion system. 
Thus it is of prime importance that the system so 
produced is very stable. And that’s why it was very 
important to choose the right kind of surfactant mixture to 
stabilize this highly hydrophobic mixture. Based on the 
previous works it was identified that Galaxy MW-259: 
polysorbate-type nonionic surfactant are better suited for 
a mixture containing neem oil and then depending on the 
HLB (Hydrophile-Lipophile Balance) calculations it was 
found out that the Lauryl alcohol ethoxylates, were the 
ones meeting the requirements. Thus it was concluded to 
carry out the emulsification process with a Binary 
surfactant system, containing both non-ionic surfactants, 
because that gave the best compatibility. 

Final product was made as Oil-in-Water emulsion as Oil 
was dispersed phase and had to be emulsified. So how to 
meet this ‘Required HLB’ value is by choosing a proper 
surfactant which has its own HLB value in the similar 
range. Most of the Oil-in-Water systems require 
surfactants with HLB in range of 8-16. But here a mixture 
of surfactants is being used because it has been found out 
that mixture is better than using single surfactant, as it 
helps us adjust the price and viscosity of the product as 
well. 


5. CONCLUSION 

The preparation of oil in water Nano emulsions of Neem 
oil and pine oil i.e, herbal oil mixtures has been successful 
studied for thefollowing reasons: 

1. Due to the use of Sonicator Probe 
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Due to the use of Binary surfactant systems 

3. A polysorbate non-ionic surfactant and alcohol 
Ethoxylate surfactant was studied for the first time 
for nano-emulsion preparation of Neem oil and 
Pine oil mixture. 

4. The ultrasound-assisted emulsion of Neem oil and 
pine oil stabilized by a binary system of surfactant 
was prepared successfully withlowest possible 
droplet i.e. 26.9 nm. 

5. Although nano emulsion can be produced by any 
level of parameters optimization all the required 
variables for the developmentof stable emulsion 
within desired particle size was successfully 
studied. 

6. The optimal variables include the ratio of alcohol 

ethoxylate surfactant to polysorbate-type non-ionic 

surfactant of 80:20, surfactant concentration of 3%, 

ratio of Neem oil to pine oil of 80:20, oil weight 

fraction of 20% and 20 min of sonication time at 

40% of the applied power. Nano-emulsions were 

found to be very stable with emulsion droplet size 

around 25-30 nm. 
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